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ABSTRACT 

It is difficult to account for tike real and easily 
measured differences in verbal competence. Eifferential E.sycholcgists ^ 
investigate basic traits froB which observed befiavior^. is thought tio 
be generitedr but if thinking is viewed Ss^ prtffclei in itfomaticn 
handling^ ^research will more profitably focus o4_the relationship 
between behavior in handling problems of linguistic information 
procefesing and behavior on verbal aptitude tests iJ This will account 
for't^he way information processes vary between i/divi'duals; The 
recoameMed model of reading is based on a seri^ of stages: 
decoding, active memory, sentence processing, and analysis usiog 
long-term m€^ory. Differences in verbal competelice have much to do 
with strictly mecbanicar components, particulaifly automatic 
structural processes such as decoding and shor)c-term memcry capacity,- 
the ability to control attention, and the use /of strategies, .all of 
which are 'components of individual mental competence. The measures 
which would be expected* to be important in inff orm'aticn processing ^are 
rouqhl^ associated with general mental and verbal qom{)etence. (Tables 
and reference? are included. )t (DF) 
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Earl Hunt 
/ the University of Washington 

^ , *• . 

It is currently fashionable to extol! the intuitive, Jwhol istic, 

- ' L 

non-verbal process of the right hemi-sphere at the expense of the pncky, 

verbal, serial ^process in>g of the left • (Fincher 197&). Jhe-tyremnpof ^ - 

> 

language is deplored by those who profess^to be humanists. This >s 
amazing. Language is what makes us^ human, -few of us have the spatial 
orientat-ion of a^hawk. 'The predominant mode of pur thought is verbal,^ 
and if w^ are qoing to« understand human cognition we -must understand 
verbal thinking. i " , . \ 

It is easy to measure -verbal aptitude. By askiiig a -few basic 
'questions >about V'ocabulaHl/, ^rammar^ and simple paragraph CGmpreJjeffsion 
one can predict ^per'formahce in a wide variety of situatiQns. To/illus- 
trate,' Table 1 shows^ the) correlations between verbal aptitude/scores, 
*as measured by a convefitiqnal scholastic aptUude test, and grade 
point averages for a variety of JTiajors at the Univer^city oy Washington. 



•fables 'V, 2 abbuj* here 



7 --efutside ac^idemia similar relationships have',Been found/ Table 2 shows 

\ j 

the verbal aptitude scohes achieved by a group of Wor/d liac/H aviation\ 

/ '\ 

cadets,^as a function of their subseqiie^nt civilian o-tcupations. TIjere, ^ 
are real, easily measured differences in. verbal competence, and these.^ ^ 

differences have importance in^ our lives. Why th^se differences exist 

^ • • <^ / * ♦ 

is very rrtach an open ques-tion. 

Differential psychologists search for the denesis of verbal 
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competence* by searching for a set of basic traits. from -which observed 

differences in behavior can be generated. Their methods. of inv6'st1gatic 

are designed to reveal how many "baste'** traits jnusA be ppsj:ulated, anil 

to determine how these trait? are related to other talents, isuch as 
f * \ 

spatial, reasoning. I and colleagues have taken a r-ather different' 
approach, based upon our view of thinking as a problem in information 
handling. We have e^feimined. tasks tK^t^ on theoretical grounds^ oi^ght 
to be important in h'andling^linguistic infortnation processing ^problems, 
and asked how\()ehavior on these tasks is related to performance on 



verbal aptitude tests. An im'portant'point is that we are not trying' to 
'/explain the test sfcores/' Rather, we view the tests as convenient • 
measures to assure that ♦we obtain a range of verbal competencies jn the 
populations we study<->As will be shown, we are quite willing to use 
other measures of general intellectual compet^ncfe. Our goal is to , 
understand how ihfontiation processing varies ovej individuals, not to 
predict the .variance on a specific test. 



It would be nice to believe^gpK our approach will coalesce with 
more traditional research on aptitudes. After all, we are studying the 
same. phenomena. There is no guarantee that this will happen. Indeed, 
I and my colleagues have begun to suspect* that there are fundamental 
conceptual Mncompafablli ties between the ways that differential 
psychologists and information processing psychologists view the problem 
of explaining individual differences (Hunt, MacLeod & ,Lansman, Note 1.) 
The explanations ^I'^ shall propose for our findings complement rather 
than r^lace or amplify the explanations generated by ^conventional 
psychometric studies. . . ^ * 



Theoretical Considerations, 
A basic assumption of information pro'cesslng ps^ology is that. 
1-anguage messages are handled in stages. The first is a decoding stage, 
in. which arbitrary physical patterhs are recognized as representations . 
of concepts in pe lexicon. . The second stage is an active memory 
stage, "in whiili. the recognized lexical items are -rearranged' in memory 
until they fqrm a coherent linguistic structure. The third is the 
sentence processijig stage,"in which the semantic meaning of^the linguis- 
tic structure is extracted-^tVd incorporated into our knowledge of the 
current sij:uation. In the fourth^stage the current situatim/itself 
is analyzed with respect to informa^on held in long term memory and,- if 
appropriate, a response is' chosen arxl emitted. ^ 

if people were literally computers, and if human. languages could 
be analyzed by the techniques uared to deal "with computer languages such 
as t^ORTRAN-or ALGOL, these stages wou/id be executed in a strict sequence. 
People are not computers, and langua,ge analysis is not sequential . 
Nevertheless, the concept of. stagey'' is a 'useful one eveo wheh allowance 
is made for plentiful feedback bej^en stages. I shajl argue that 
individual differences appear at each of the stages of information . ; 
processing and that 'they are i^mpo'rtant in determining verbal competence. 

Mv concrete- evidente, though, will be confined to an analysis through 
• . . ' ' . "• ' * 

the sentence processing level/l 

■ ' . . S 

^' A listing- of stages does not constit;ut| a model. - We miist a-lso 

consider l^he kind of control •invoTve'cl in analyzing language data.'^ A 

substantial amount -of information processing in the earlier stages of 

lirrfui Stic- thought appears to take place in what Posner and Snyder (19,75) 

ha.ve referred to as the automatic mode. This mode is simply defined, 

3 I . 

'6 ' ^ 
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an automatic process takes place whether we wish it to or not, and it 
does "not Interfere with dther ongoing processes. ^ Recognita o^^jf the - 
meaning of very familiar printed'words is,'^ good exc^ipple. Thfs? process, 
cannot be supressed even when it is advantageous to do so (Stroop, ^ 
1935). Onpfi^ast thelexical stage, w^ begin to see jjipe use of wha^t ^ 
Shiffrin and 'Schneider (1977) refer to as "veiled "control processes"; , 
processes that are r)Ot subject to conscious inspection, but that can be 
shown to dmi upon- attentional resources. The search prqce^g^gs 

" * • 

psychologists have 'postulated to', explain nfemory scanning experiments 
are- frequently cited exai^les.^ Similar veiled pri^esses occur when we_ 
are required to understand the meaning of very simple sentences, such 'as 
"The plus is above the star" (an fixamplie ,to which I sKall return). We 
arej^ot aware orhow y/e analyze thes'e sentences, it can b'e shown 
that the analysis requires attentional resourc^ 

A third level of attenti(Jfiiallocation/rs represented by the con- 

'sCious strategies people adoijt to mak^ense 'out of language stimuli. An 
example of such a process is the strategy one might adopt for solving 
multiple choice test items. One colli d .look at, the qOesti on,- select 
the best answer given the question, and then search for that answer , 
among the al1;ernatives provided. Awother-s^rategy is to read pll the 
alternativeSj and tfijen examine' the q^lestTon to se^ whiVh one ffts J)est. * 
Each strategy has different implications about -attentipily all acatix)n, and^ 

^ people are consciously aware of. the strategies that they ub^^^^ . 
More complex verbal problerrr-so-lving situations require st:ill more 
comply skiTls for representing and attacking problems. 1^.solve„the 

' mystery in a detective novel, for example, one mus't discover /who had 



the motive, who had the*flieans," and who had 'the opportunity. .J^e people 
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mhy do this by constructing scenarios that they examine for plausability* 
perhaps through the use of visual or verbal imagery. . Others may prefer 
the ab|{raci logic of Sherlock Holmes. We know very little about ; 
indivicft^al differences at this level. Our lack of knowledge is 'a s^r- 
ipus problem, for it biases our theorizing. There is no reason to 
believe that verbal performance is the result of a linear combination 
of component abilities, or that the same linear combination of components 

' is applicable lihVughout'the entire rpnge of human verbal competence. 
Letter naming ^peei/ may be a good discriminator o^he. difference be- 
tween the lower/nd average i^anges of verbal ability, while the differ- 
ence b^etween the avefage newspaper, reporter and a Pulitzer Prize winner 
may be more subt)e. This must be kept in mind when we, draw conclusions 

.from the results of studies of "common garden variety" problem solvers. 
Ir> sp.i'te of thisl waw^qj/ig, we must concentrate on What we know. We 
have found that ther^ are reliable individual differences in mechanis- 

' tic processes of information handling within. the population represented 

' by university students, and yithin 'populations of feomewhat' lower ability. 
These differences api)ear to account for a substantmly^ortion of the 
■individua} variation in verbal competence- observed within these popula- 
tions. The differences we have found do not appear to be associated- 

■ with differential possession of knowledge about the language, but rather 
with dif/erehtial ability to manipulate the symbols that comprise it. 

Str uctural Processes " • 

3 . Decoding . Lexica-1 analysis re\iui res the decoding of arbitrary 



physical- signals to. connect' them to conceptual units in a language. 
The sound /cat/ must be recpgnfzed as a referer^t for the animal.- 
Posner and MitchellVs (1967) stimulus identification paradigm has 



\ r • 



proven to be useful .in studying this proces$. In a stimulus identifica- 
tion study the subject is presented with aCpair of highly overleamed' 



stimuli, usually letters The task is to 




ther the two 



stimulu have the same name* First, consider the pair A-A. This is a 



physica*ny identical (PI) pair, it would be possible to determine that 
these symbols had the same name even if you did not know what^that name • 
was. Next, consider 'the name identical (NI) pair A-a. In order to - 
compl-etQ., the identification task the names of -these symbols -must be. 

r 

retrieved from memory. A third possibility is that the pair is dif- 
ferent (D), as in the case of A-B. If D and NI pairs are mixed it is 
necessary to retrieve the.tjame of al4 letters, in order to make the 
correct response. , . - • ■ 

Posner and Mitchell, and since hhem many others, found that it takes 
longer to make an NI than a PI response. A strictly serial mod^, in 
which physical identification is atitertpted first, and' name identifica- 
tion attempted only if physical identification fails, ^'ustifies sub- ^ 
tracting PI reaction,. time from NI /reaction ti-me in order to arrive at 
an estimate»*of the time required to retrieve the name of a symbol, surely 
'an important part of verbal contprjehehsion. For brevity, I shall refer 
to the lU-PI measure. A number if- investigators have found that the 
NI-PI measiire discriminates betv^ep persons whom one would think tq 
ha^ve more or less verbal thinkfng ability. This data is summarized in 
Figure 1. The range of the meafeure is striking. A typical difference 

between HI and PI reaction tinids for a college student scoring in the 

* * / . * * 

upper quartile of'a verbal .aptfltude test (a*"high verbal" in subsequent 

/ * * ' ^ 

remarks) is 65 mil Ttseconds , vfhereas educable mental retardates show 

an NI-PI difference sgore of fWer 300 milliseconds (Hunt,, 1978)? 
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Figure 1 about here 

- In spite of the regular and interpretable picture presented by 
Figure 1, work with. the stimulus identification' paradigm in other 
settings has raised serious question about th^ accuracy of the serial 
model itself (Posner & sViyder, 1975). It appears more correct to assume 
that both the HI and PI iasks involve identification at the name level, 
followed by a binary chrfi^and a motor response. The aame retrieval 
process is more important in the NI task, because the names of two 
symbols must be retrieved, but: the subtraction operation no longer has 
a simple theoretical interpretation. The* resulting analysis becomes , 
quite detailed, because the data analysis technique one use? to derive 
a measure of name retrieval depends, upon the precise model on espouses 
IFor the task. (Se^ Hunt et al . , Notk 1, for comments on the general 
problem.) Fortunately for those who w\sh merely to determine whether 
or not the name retrieval process is important in individual differences 
the fact is that almost any reasonable chbice of a response measure is 
satisfactory. The ratio of NI to PI react l^on times increases as ver- 
bal competence decreases^, and the correlat^n between measures of 
verbal competence and NI reaction time alon6 is generally in the .35 to 
.45 range (Lansman, Note 2; Jackson & McClelland, 1973). 

If deceding is an important part of verbal competence one would 
expect to show a developmental trend for dicoding, as verbal competencej 
clearly grows with age. Table 3 presents some daita gathered by Judith ; 
Warren as part of a doctoral dissertation now in progress. As can be ^ 
seenTSthere is a strong developmental trenQ* Warren also found 




TabK 3 here . 



significant'correlationy between the NI-Pl measure and WISC verbal IQ 

scores. .Furthermore, there were significant, sex differences in favor of 

girls, which is- consistent with the general finding that' girls outperform 

boys in verba^tasks (Maocoby. &*Jacklin, 1974). ' 

Finally, if name retrieval is an important part of verbal compre- 

'hension one would expect^ fes^o have its maximum effegt upon tests of 

> 

heading. JacksoR and McClelland (19780, usjng an extreme groups design, 
reported a correlation of ,45 between NI alone and skill in^ reading in a 
college population, surely a grciup with a restricted range of reading 
* ^ comprehension/ Our own results in studies of reading comprehens44i^ fn a 
more general population confirms Jackson^pd McClelland* s finding, and 
further suggests that the relation found may depend upon the level of 
.>_^ • , verbal ability. ^ 

/ • .We can sum up these results by saying that there clearly is an 

association between. verbal competence and the. simple act of identifying 
the name x)f a symbol. This observation is of interest fof* two reasons; 
-^it provides a link between an important stage of verbal cognition, as , 
identified by cognitive theoris.ts, and individual differences as measured 
by conventional aptitude tests. Furthermore, the process does not seem 
to .be an operation that would be influenced by differential knowledge 
possession. Most, university studeiTts know the alphabet fairly well. 

\^ \ ^ Holding iiiformation in active memory : In principle, one's meniary 
i should be involved i'n such simple cognitive acts as determining that ar* 

! '■ • ■, ^ . 8 - . - . ^ ' 
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sentence 'is grammatical. There *<il early' are /differences in short term 

memory capacity that cire associated. with lartguage capacity, as shown 

by the many experiirrents thrat have related' ICy'tp digit span. The^ ; 

'correlation found, however, is-'often due to a radical drop in digit span 

in persons' with very low general mental competence (Matarazzo, 1972), - 

In order to consider the relation between primary memory and general 

mental competence in depths. we need to consider in more* detail ^the 
* * '. ' ' \ . ' * » "^^^ 

components of the act of r'eta'ifling Vnfo^at?on'''for -a.brief period of 

time, • ' ' - ^ 

Hunt, Lunneborg> and Lewis '(1975)^ exam^in^d the active memory 

capacities of "high .verbal? and "low verbal" ^college students, (i.e., 

^ ■ 

students with low verbal scores fdr college^ students)/ We used a vef- 
si on of the Brown-Peterson short term memory paradi'gia, >n which the sub- 
ject was first shown four letters, then repeated*a1oud a string of 
\digits, presented visually onje at a time, and finally r^cayed the letters 
Figure 2'shows recall performance as a function of. th^ number of digits 
shadowed. The high verbal -students appear to establish an initial ^ 



Figure 2 'about here 



advantage (perhaps due to rapid decoding) and then retain it in the 
face of the interfering m^^terial. This cap be explained by the assump- 
tion that the"'high verbal students .code information into recognized 
items more rapidly than do the low verbal students^ but that they did 
not have an advantage in resisting interfering material. 

In Hunt' et ah Vg^ study very short lists of items were u^ed, . What 
would happen if longer lists were used? Cohen and Sandberg (1977) 



r^feport a large. s^udy of the relation between intelligence ^j^the re- 
call of supra-span Tists by Swedish schoolchildren. Their s-ubj'ects ^ad' 
to memorize lists of nirte digits^ which i$ well.beyon^|||||wry span* 

for most ^rajde_S£hool children. Using ^a probe recall^|(peQlIfe, Coben 

« ^ ' • * ■ 

?ind S^ndberg estimated separately^ the children's ability to VecalJ 

' ^ ' /' - ' ' ^ ^ ' ^ ' \ 

the f/irst three digits presefited (primacy), t|ie middle' three, or the ; 

last' three (regency). They found that the correlations observed between 

YeCdkU and scholastic aptitude were due to, the more competent children 

pe^rfonning better on the recenc^ portion o'f tfte curve... This is shown in 

Figure 3. Note that this is consistent ^th Hunt et al .'s results. 



^ . Figure, 3 here • 



' since the 'shorter, lists* that we used wOlTld ^13^ .within the recency~portion 
of the redPTcurve had^e used the Cohen and^SandUerg procedure*. ' . 
The ability to recall strings of digits and letters is not pa 
* « cufarly useful in most situations. We need to consider what advantage* 
> * might be gained by having a goo^d "recency" short teipm memory in ifltel- 
lectual tasks in general. We' have found evidence fpr two types of 
advantage. Larger short term memories may^'ncrease the strategies 
that a person can use in a problem solving task, and performance on a 
•short term mefiiory task may indicate the atteptional efforf required to 
hold information in active memory. The Vesaveffort required to do this, ' ' 
, ' the more capacity there' is" available for other tasks. > , 

* Suppose a person, is aSked to recall a list of some thirty or more 
. • words. Obviously errors will be made. Recall will be more accurate 
. ' if tKe list is made up pf items drawn ^om a relatively few ^semantic 
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; say animals, vegetlbles, and minerals.- In this case free 
recall displays .the clustering phenomenon; the typical subject will re- 
C4II items 'from one semantic category and then-Items -from another 
(Bousfield,' 1953). Hunt, Frost, and Lunneborg (1973) found, somewhafto 
o'ur surprise, that high verba-l^ students cluste'r less than' low verbal 
studer>ts. The relevant portion of our data is shown in Table 4. This 

Table 4 here » 



result v(?as -something of a puzzle to us, until Schwartz (Note 3) combined 
this result with the results on short 'term memory. Schwartz reasoned , 
thiit high Ver^jals could afford to nof cluster 'part of a supra-span.list 

'because they could simply read out the last few items from active memory. 
If this were the case, then tfgh verbals shoutd show less clustering 
than low verbals on the first few items recalled, but-would ^how . \ 
progressivety more clustering as recal l^progressed, because the later 

'recalled items would be retrievTd'from long term rather than from active 
memory. Table 4 also shows Schwart's data, it is clear that his hypo- 
thesis was borne out. Because of their greater short term memory 
capacity,, the high verbals had a strategy available that the low ver- 

*bals could not use. ^ ^ 

The fact that students with high verbaj aptitude, scores have larger 
active memories need not imply that they have larger skulls. ^ Anialt^rna- 
tive formulation of active memory capacity focuses upon the. allocati/on 
of attention. Lansman (1978) combined the Atkinson. and Shiffrin (^'"'^°'* 
continuous paired associates procedure with" the secondary task rite tJ\od- 
ology (Norman & Bobrow," 1975) to measure the. effort devoted ^ 
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memorizing information. Her subjects had to respoiHI to a light by 

pressing a button, while keeping track off the changing state of 0 vart- 

» « / * • 

ables Vno memory load), 2 variables (tight memory load), or 6 variables 

(heavy memory load). There was a subsjfantial inoce^ase in reaction times 

to^the light signal from the no memo ryl load to the light load condition, 

even though subjects made virtually nd errors under the light load. 

- . • / 

Furthermore, the amount of the increa$e in the light load c^dition was 

r a predictor of the number, of errors that would be made in the high load 

condition. This demonstrates the fac^ th&t active memory maintenance 

is an attent^'on demanding act, a/id that there are individual differences 

in the ability to bring attentiona\ resources 'to bear on it.. Since 

memory load is a component, but only one component, of tasks such as 
( » ^ • 

sentence parsing or the solving of simple arithmetic problems (Hitch, 
1978), and since these tasks are 'also attention demanding, it is clear 
that it wouljd be advantageous to be able to devote less capacity to 
memory and more to problem solving in many situations. But is it the 
case that the verbally competent simply have a greater attentional cape 
city, or are they ^mo re able/o focus their resources? 

- ^ ' • , Attention Allocation - , ^ 

Posaer and Boies (1S71) distiaguished three separate aspects hf 
attention; gen&rjal alVousal',' the capatity to restrict attention td task 
relevant cues, and the* ability to switch attention from one task/ to 
another. All, one, or two of these components might vary with deneral 
verbal aptitude. An unpublished experimeat by Steven Poltrock/and my- 
self .provided some relevant data. Sixty high school students ^Srticipat 
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in a series of tasks designed to measure different aspects 



of the 
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Ik ability to control attention. ' 

I ' - * . -> 

f In order to measure general attention leveTwe used a simple two- 

r ' J ' • ' 

choic3 reaction t'fine tasl<:, in whiorfi the subjett faced a screen on whicH 
. a light appeared. --The lightS:ou{(l appear at either of two* locations, 

and the subject's task was^ to tfressSa switch immediately under the light 
' location.- Thus' this task provildes a m^ufe ^f general alertness, plus 
a compoh.ent due to\chpi^reacJ:ion time under condit'ions of high 

^ fl ... 

stimulus-response compatabilitjii. . Measuring .selec'tvve attention pre- 
' sented a more diff-i'cult problem, as one could imagine different forms of 

' - ' ' ' • 

selective attention, 'depending updn the nature of the stimulus to be 
attended to and the nature of the ,4-nterfe ring stimuli. We decided to 
average performance on three separal^ tasks thought to require' selective 
''Attention. These were:. , \ 1 

(1) The^Stroop (193S) effect; m^ired by th6 time required 'to 
name the ink in which* color names v/ere printed. minus the^time required 
to ncime the color-o-f the i^ik in which* asterisks were printed. 

(2) The time required to read aloud a randomly ordered sequence' 
of words minus the .time required to read the same words in a coherent 

■ text. The reading of- random words requires that the subjec.ts^ suppress* 
f the normal tendency to scan ahead when rdading aloud, in order to pick 

up cues concgming. voice and intonation. 
, (3) Shadow'ing in. the pres'ence of dichotic interference. 
. , Mixed lists of words* and digits were presented to each ear. The task , 
v/as' tp. repbrt the digits presented tp one of the ears, the ijieasure of 
• interference was tfe number of ■?int:rusions , <iefined as the report of a 
* , ■ digit presented to the wrong e|r. 
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r In order to obtain an overall measure o"f sensitivity to selective 

'. ' : ^ ■ • „ 

attention the scores in tf}^s6 three tasks were standardized and added. • 

Finally, we-required a measure of attention switching. Here,.' 
fortunately, we could benefit from' previous worJ< (Gophe^ &• Kahnemart, / 
1971-; Kahneman,'Ben-Is'hai, '.& Lotan; 1973) that -had' shown ^libstantiaT 
ilidi^idual differ'ences in a variant of the dtfchotic listening paradigm* • 
As subjects were shadowjrtg one. ear they.v/ould be signa'led to- swi tch ' to 
the other ear. On contro;! trials they simply received a si-gnal indicat- 
i^ig that they should continue to monitor' the ear they were now shadowing. 
Our measure of speed of attention reallocation was the number of digits 
correctly reported .immecliately following a switch. 

There was no correlation" (r = -.05) .betv/een the simple reaction 

time task, and" verbal aptitude. On the other hand," there- were significant 

. *■ * ^ ■' ■ . • 

correlatTons between verbal aptitude and ^easufes of both selective 

. • * ^ % 

.attention and attention switching.' These correlations are shown in Table 

5.. In addition to tiie significant first order correlations, both 

selective attention attention 'switching have significant partial 

correlations with\erbal aptitude when the other attention measure is 



Jable 5 about 'here \* 



controlled. j * - ^ 

'' This experiment is at best a start toward the study of attentional 
factjrs in intellectual competence.- While' a great deal of work needs to 
be done, the result is coWi stent with the i.dia that the control of 
attention is important. This^becomes of interest when we consider an 

explicitly verbal task that o-equires attention allocation, the 
• , ■ • • l\ 
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"comprehension of ^ntences. 



Sentence* Comprehension * ^ 

The experiments to be considered in tpis section *deal with veri- 

fication of sinlple linguistic descriptions of a simplfe world/ Tiie task* 

^ / ' * 

was developed by Clark and Chase (1972), who used sentences of-the . 

form PLUS iS ABOVE STAR or PLUS IS NOT B^LOW STAR and pictures of the ' 

form { t or ( . ). In the sentence ffir$t" version, of the paradigm * 

the subject is first shown a sentence ^ ibhen a picture,* and must indicate 

whether or not the sentence accurately /described the picture. The 

dependent variable, is verification reapction time , the time between dis- 

play of the picture and^^the subject's/ response. An alternative pro- 

cedure involv^s presenting a large number of pictures and sentences in 

paper and pencil form, and asking how Tnany the subject can verify in a 

fixed time. There is a correlation/ of .70 between the two propftdures 

(Lansman,.No1:e 2), 

" The sentence verification task has a nymber of featdres that 

recoiranend it as a measure of verbal information processing. On the face 

of it, the task is impossible unless one knows the meaning of woj 

but on the other hand the words/used are so common that it can ^be 

presumed that they are' in the yocabulary of every junior high school 

graduate. We are confident tKat any variations in verification time due 

to individual. differences inMord identification will be due to decoding 

difference rather than beinV^ue to difference's in vocabulary. It is 

an attention demanding \asl/,'^afi can he shown by an analysis using the 

C 

secondary task methodology/ (Hy/it & MacLeod, Not0^4), and the attention 



I 

dema/ds are closely. tied to the complexity of the .comparison process. 
Verification .reaction times increase for negative compared to affima-. 
tive sentences, and false sentences .general ly t/kfe longer to re je at 
than true sestences' do to' confirm (Clark & Chase, 1972). Given these 
facts', it is ^ot surprising to. find that people with high ^&mS aptitude 
scores are more rdpid at sentence verification jBadde ley, 1968; Hunt, 
Lunnenborg & Lewis, 1975; Lansman, Note 2). The correlation betwe^ 
sentence verification reaction time and verbs'] aptitude measures is S-^ 
generally in the .35-. 55 range. Lansman- (1978) found that thjs correla- 
tion caa be substpintial ly improved by introducing j:hoice reaction time 
as a covariate. Note that this is a reasonable thfng to do because , 
final motor response is a choice of making the "true" or "false" 
response. When simple choice reaction time (measured by a proc^Vure 
similar to that used4)y Poltrock & Hunt) was "held constant;" the 
partial correlation between sentence verification time and a vocabuUry 
test was .73. ^ similar correlation was' found with a reading compre- 
hension test. As the vocabulary and comprehensic^ measures in* Lansman *s 
study referred to tests taken as much as three years before 'ifhe-experi- ^ 

ment itself, this correlation approaches the test-retest reliability of 

the psychometric measure.' Furthermore, on the face of things there is ' 
no reason why someone who knows many words should also^e^quick at 
verifying sentences consisting of simple words* 

These results are encouraging to those who seek a rapid measure 
of verbal competertce that I's 'nbt bound to knowledge. I shaVl now report 
some studjes.that show how much strategies can influence information 
processing. A slight change in procedure, from the simultaneous M ^ 
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presentation condition used by ^addeley and by Lansmao to the sentence - 

finst /procedure used by Clark and Chase, introduces a new and signifij 

cant source of variance. In the sentence first procedure the subject 

can choose different strategies,: and this choice can pl^y havoc with -an ; 

analysi^j)f the' traits that underlie performa^hteJ 

To re9^1 the task briefly ,j in the "sentencei first'^rocedure the 

subject is 'shown the sentence-, gfyen a chance to |read and compreh^end it, 
<• . > . \.' ' I - ' ' • ' 

and th'en '^hown the picture. Maclieod, Hunt, and f'lathews M978) found' 

1 : ^ 

that when this was done some peoplle read^the sentence, jjemorized it, _ 

1 • \ 

described the picture to themselyk when it v^as shown, an<l then- compared 



'the descriptions. Let us call these people "verbal problem solver^." 

Another group of subjects-,' whom I khall call "visual problem soTvers,"! 

used the sentence as a cue to visualize tt^e expected picture, and then' 

•compared the actual picture to an ^^rtege of its expectati'on. Individual 

performance of the verbal problem silvers was well predicte4 by a test of 

»rbal aptitu'de, whi le/ performance bf the visual problem solvers was . 
i ' ' ' . / 

hi predicted by .a test of spatial Wtitude.- This statement, however, 

does not really capture th«\ contrast! between the da1|a 'of the two groups 

who, it will be remembered, Were ther sam^-stimuli . iTo bring the 

y • \* ' ' ' ' ^ 

distinction out more clearly, ngure 4 plots the mean, verification* 

reaction time for each group of syhjects as a funct'joll, of the Jfiiguistic 

complexity of the verification task, calculated by applying Carptenter ^ 

and- Just's (1975) lilngLfistic comparisofi modeT to the tkk. * ^ 



Figu-re 4 here 



The close fif'oft this group^to the Carpenter and' Oust moiel is 



1 
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not surprising. .MacLeod et a1 . 's method oV^efinj^ion- of groups ensured 
that thej*e would be one such group.' WhatTfs interesting is the complete 
lack Qf fit of the second group. A result tha't waS; not dictated by the^ 
analytical procedures. Further, 'the. "visual" group's data could not be ^ 
fit by ^ reasonable linguistic model, as this data'^shows no effec€vof 
negation, which many studies have shown to be a powerfi^^^^ycholingiSs- 
.tie variable. , \ ' . ■ . 

For one who .seeks fstable predictors of perfonjiance this result is a 
minor disaster. We have shown that .chM^ce of strategy may determifje 
correlational patterns, a situation /fiat is anathema to. orderly psycho- 
metric models. In theory, predictive power might be restored by using 
^person's chlbice of. strategy itself as a marker in .making- predictions. 



Unfortunately 



thiS^ill not work, either, for one ca^n Change an individual 
pattern of data simply by requesting that the subject use an alternative 
strategy. Figure 5 shows some data from 'one of th£ subjects In a 
second (yet unpublished) study by Mathews, MacLeod, and myself. This 
subject was flirst allowed to choose a strategy, and evidently chose a 



verbal one/ 
a^rbal^one 



a^r 



Subsequently he was^asked to use a visual stf^ategy, and then 
Similar switches can be produced in the behavior of 



Figure 5 here 



subjects who initially begin with visual strate^gies. If qu&litatjve 
changes of behavior can so' easily be produced in this straigtTtftirnvard 

» 

task, how'many'stritegies are there for understanding War an^ Peace? 
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Con ducting - Comments 



Pt^eems clear that there are strictly mechanical components to 
individual^fferences in verbal competence. I have, argued that these 

r 

differences lie in three major areas; ^automatic, structural processes 
^ s^cfi a^s decoding and short term memory capacity, the ability to con^^rol 

attention's, and the usB^of stratea^. While the automatic proqesses 

j ' \ ' • ^ A, 

are reasonably stable over Wme and situation, it is clear that ,thi6 
attentionkT processes iind strategy choices are liable. Are these 
processes] reasonably cCrrfsidered part of intelligence? 

They certainly are components of individual mental competence. 
Given that, who needs the concept of intelligence? I believe that we 
ought to drop the notion of intelligence as a trait, or even as a space 
of tr-aits, when v/e are* tr^^ing to understand intellectual performafice. 
Traits are statistical abstractions, and' 40 not refer to any physical 
. pSicesses inside the head. If our theorijes of cognition ape correct 
(admittj^ng-a big "^if"); parameter ^estimate of information processing 
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stages* and structures may be closer to measuring real things than are 
the psychometric procedures for-ti^it es^im^^tion* 'When mental 
competence is to be studied as a, phenomena to be explained, infbrnta- 



tiOn pfocessi 



ng measures provide more useful jjlepeadent measures , 



it seems to me that studying the genetic correlates of * 



For example, 

p^rformJrt^cn,an!omhTbus ^TQ*" ^flieasure has little point*, but that study- • 
ing thel;§^!0{ic,c*^rrelates of symBol decoding or short, term memory 
capacity i J'reasorlable. It seeis equally reasonable to speak of two^ 
individuals as being comparable in their normal mental competence, and 
then aidflin^ that dne is more prone. than the other to deterioration 
in atterftional control mechanisms ^due to some pathological cjjndition, . 

•A ^ ri y ■ ■ . 

' ■■22 , 



such as alcohol intdxic&tlonl is one "less intelligent" than the other? 

' 'If 

Yhe question does not jiiake sense. . _ 

The question changes sfomewhat when mental measurement is to be* 
used as an independent varliable in a predictive situation. At times we 
legitimalely.maJ^e predictions aliout abstract concepts on a mass basis, 
e.g., predictions about occupational success as a function of mental 
competence. In such cashes we are predicting from one statistical 
abstraction to another and the traditional psychometric methods are 

quite appropriate. , 111, other cases, though, we may desire absolute 

i 

rather than relative prediction. Th^is is particularly likely to occur 
when we are interested in the performance of identifiable individuals 
on specific tasks. ^To be pragmatic, wtill Astronaut Smith be able to 
land the mars probe within x meters of the -target poinU In such 
situations the absolute, information processing approach to meatal 
ly be made more useful than the relativis'tic approach of 



ca^pa^j^^^y t 

psycTOm?rrics'. 



^|n spite of the fact that this article presents a number of correla 
tion Coefficients, I stress a^in -that are not interested in explain- 

ing tfie intehligence test. . .we. simply use these t?sts>as rough and 

I ' ' ' ' 

ready' measures of general competence. We have shown that the measures 

one would eipect to be important in information processing are roughly 

ass oclate'd^ with general coifipetence. If the correlations are not . 

higher this may be at least as much the fault of the aptitude tests as 

it' is of tlie information processing measures. In our future worlc^I. 

and my colleagues plan to go .beyond these correlational 'sf&d|ies, to . ' 

examine ho^ the information processing measures covary with each other. 
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.and how they change as individuals and as ecJlogically valid variables 

in individual life cfjange. We wi|? be lookinlg at changes in individuals 

over age, time of day.i relation?hip, and druglstate. While we may never 

i . 

compute -another correlation coefficient between an information processing 
measure and a p.sychom^i5ric trait (although I suspect that we will), 
we will sttll be developing a theory of individual differences. This 
theory is intended to provide a complement to trait theories. It 
certainly will neither expand nor replace them, 

e 
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^ Research, through a contract to the University of Washington (Contract 
No. N 000U-77-C-0225), on which Earl Hunt is the' principal investigator. 
'The research reported here was supported by that contract and by a grant 
from the National Institute of Mental Health, "Individual Differences in 

0 \ 

I 

Cognition," to the 'University of Washington- This papier is the text of 
^ talk given at the Conference on Aptitude, Learning, and Instructioii: 

4 ♦ 

r ^ • ^ * 

Cognitive Process Analyses, sponsored by the Office ot Naval Research, 
in San Diego, CaT, March 1978. 
^ , 2* I am happy to cicknowledg^e thfe considerably advice and assistance 
I have received from Marcy Lansman'i Clifford Lunneborg, Colfn MacLeod, 
and Steven Poltrock over the period during which this research was con- 
ducted. Naturally I' must shoulder the .blame for writing and for any 
mistakes, misstatements, or erroneous conclusion in this 'paper, no matter 
tiow much I should like to share it! 

3. This measure cannot be compared across experiments, as motor 
reaction time will'be markedly influenced by apparatus variables. ^ 

4. A warning' signal always preceeded the choice signal in this experi- 

A- ' - 

ment. In' retrospect, vie ought to have compared conditions with" and 

without the v/arning signal, 'in order tO' measure the speed wtth which tj^ 

subject could alert hi/n/her self to the stimulus situation. 
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Table 1 



'A 



Anthropology .3^ 

Astronon[\y .35, 

^Chemistry *-ll9 

Economics •SO* 



English . 
History* 
Psychology 
Sociology » 



.30 
.35 
.27 
.31 



ScandanavieT Lang. .34 

Nursing .41 

Forestry ^ , .34 

Mathematics - .14 



Correlations between verbal aptitude scores (Washington Pre-coll^e 
test -.verbal composite) an^l gafne. point average in selected maipr. 
(Sj^rce:\ U, of Washington Records) • ^ 
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Table 2 . 

Accountant *28 . 

Chemical Engineer 1.06 



Engine Mechanic - .28 

* Insurance Salesman ^ .05 
• ' ' ^ Lawyer ' -39 



Physician .59 
Social Worker ^ - .08 

Vehicular filechanic - .72 



Mean standard scores of cadets on 
Air Force Test Battery (general 
intelligence) as a function of later 
occupation.- Data from Thorndike and 
H^n; 1959, 



1. 
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Table 3 

HI ^ PI Difference 

1.91 . 1.74 .17 

2r.07 ' 1.85 .21 , 

2.50 . 2.21 .29 



NI and PI"- reaction times in seconds 
for,chlldreK at- various ages 



m ;• 



2^ 



32 



Table 4 



1 

Hunt et a1, 
Fun List • 

.68 

.84 , . 



Schwartz t^^^ta by Order of Recall 
1st 1/3 ' %2nd l/aU^ 3rd l/J 



.29* 
.71 



.81 

.82 



.79 
.84 



Clustering index by recall order ahd verbal 
aptitude. Items presented -in raridorff order. 
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Table 5 



Selective attention 
Attention switching 



i > 



Attention Switching Verbal Aptitu&e 



V.30 



,.40 
* .48 



s ■ 



Correlations between verbal aptitude ahd atteption measures. 
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Representative results for correlation 
between STM recall and aptitude: 
Fronn Cohen and Sand berg, 197.7 
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